Background and Objectives：We evaluated the efficacy and safety of the left transradial approach as compared to the right radial approach when performing transradial coronary intervention. Subjects and Methods：We performed the transradial coronary intervention in 711 cases via the left approach (Lt. group) and in 614 cases via the right approach (Rt. group) for patients with a normal Allen's test of both arms. We evaluated the procedural success rate, the crossover rate, the puncture time, the total procedural duration, the fluoroscopy time, the amount of contrast agent used and the local vascular complications of both groups. Results：The baseline clinical and angiographic profiles were comparable between both groups. The puncture time, the amount of contrast agent used, choice of the guide catheter and local vascular complications were similar for the two groups. There was no difference in the procedural success rate (Rt. group; 96.4% vs. Lt. group; 96.2%, p=NS). However, there was tendency for a higher success rate via radial access for the Lt. group than for the Rt. group (Rt. group; 91.9% vs. Lt. group; 93.5%, p=0.056). The crossover rate was lower for the Lt. group than for the Rt. group (2.7 % vs. 4.6%, respectively; p=0.04). The total procedural time (32.3±15.4. vs. 30.7±17.6 min, respectively; p=0.03) and fluoroscopy time (16.9±12.6 vs. 13.9±7.9 min, respectively; p<0.01) were shorter in the Lt. group. The number of guide catheters used was higher in the Rt. group compared to the Lt. group (1.21±0.48 vs. 1.08±0.33, respectively; p=0.04). Conclusion：The left radial approach may provide increased procedural efficacy for transradial PCI compared to the right radial approach along with similar complications. 
Introduction
The radial approach for coronary interventions appears to be a safe alternative to femoral access. 1) 2) Indeed, the radial approach nearly abolishes complications at the vascular entry sites and it permits a wide range of diagnostic and therapeutic interventions. [1] [2] [3] [4] [5] [6] Most procedures are usually approached from the right side of the patients. In that sense, the right radial approach appears to be more comfortable to operators. However, the right and left approaching artery systems are not exact mirror counterparts. The course of the guiding catheter can be affected by the braciocephalic artery in the right radial approach, in addition to the subclavian artery. 7) Further, vascular tortuosity is increased with increasing age. 7) Recent evidence suggested that there are some anatomical and technical differences(radial artery puncture, selection of the guiding catheter and the procedural results etc) between the right and left radial approaches during transradial procedures. [7] [8] [9] [10] At present, the choice of the right or left radial artery as an entry site depends largely on the operator's preference. However, there is no comparative data between the right and left radial approach when performing percutaneous coronary intervention(PCI). Therefore, we evaluated the difference between the right and left radial approach for transradial coronary intervention.
Subjects and Methods

Study population
Between January 1 2003 and December 31 2004, 1,450 cases of PCI were performed at our institution by three senior operators(greater than 200 PCI cases/year/ope-rator). The large majority of these procedures(1,325 cases, 91.4%) were transradial PCI with using the radial artery as a primary vascular route at our institute.
The right radial approach(Rt. group) was used for 614 cases and the left radial approach(Lt. group) was used for 711 cases. The exclusion criteria were the clinical indications for using the femoral approach due to cardogenic shock, a negative Allen test, chronic renal failure and no palpable radial artery. The choice between the left or right radial approach was left to the discretion of the operators.
Procedural preparation
A written informed consent was obtained before the PCI from the patient or the family member(s). In the case of elective PCI, baby aspirin(200 mg) and clopidogrel(75 mg) were given to all the cases for at least 3 days before the procedure. In case of primary or urgent PCI, all the patients received baby aspirin(300 mg) and a loading dose of clopidogrel(300 mg) just before the PCI. The inguinal area was also prepared for the cases that required crossover, IABP or temporary pacemaker support.
The patients were prepared with the left or right arm abducted and wrist hyperextended on the table next to the thigh. The arms were supported by a preformed folded sheet and by sideward extension of the catheterization table (Fig. 1 ).
Transradial PCI
Transradial PCI was performed via the left or right radial artery with using the same methods described in a previous publication. 4) 5) The whole procedure, including left radial arterial cannulation, was performed on the right side of the patients (Fig. 2) . After local subcutaneous infiltration with 2% lidocaine, the radial artery puncture was performed with a 20-gauge angiocatheter needle(Sindongbang Co., Seoul, Korea).
PCI was performed on an ad hoc basis after the diagnostic angiography in most cases(97%). A 6 Fr RADI-FOCUS sheath(Termo Co., Tokyo, Japan) or a 7 Fr MAXIMUM sheath(DAIG Corp, Minneapolis, MN) was placed depending on the target lesion, the device needed for the procedure and the size of the radial artery, and an additional 5,000 U of heparin was given through the arterial sheath.
After the procedure, the arterial sheath was immediately removed regardless of the ACT level. Compression was done using a TR band 
Assessment of the procedural results and complications
The procedural success rate, the major adverse cardiac events(MACE) and the vascular access site complications were assessed. Procedural success was defined as a residual diameter stenosis of <30% with TIMI grade 3 flow. The success rate via the radial access was defined as a successful procedure without crossover to the other access site. Bleeding at the access site was defined as major if it was associated with a hemoglobin loss of at least 2 mmol/L, administration of blood transfusions, vascular repair or prolonged hospitalization.
11)
We estimated the procedure-related variables as follows; the vascular access time(the time from lidocaine infiltration to insertion of the arterial sheath), the fluoroscopy time and the total procedure time(the time from the first attempt at puncturing the artery to the end of angioplasty), the amount of contrast agent, the crossover rate(changing the vascular access to the opposite radial artery or femoral artery), the mean number of guide catheters used and any access site vascular events (all the recordable events at the access site). All the angiographic and clinical variables were recorded from the start of the procedure to the time of hospital discharge.
Data analysis
Statistical analysis was performed using the SPSS 12.0 statistical program(SPSS Inc., Chicago. IL, USA). Continuous variables are expressed as means±SDs. Continuous variables were compared using Student's t-test, and the differences between the categorical variables were examined using the chi-square test. A probability level of <0.05 was considered statistically significant.
Results
Clinical and angiographic characteristics
The baseline clinical and angiographic characteristics of the patients are shown in Table 1 . The clinical parameters such as mean age, gender, the clinical diagnosis and risk factors were similar in both groups. However, smokers were more prevalent for the right approach. There were no differences in the reference vessel diameter, the minimal luminal diameter(MLD), the extent of coronary artery disease, the diameter of stenosis and the PCI target vessel for both groups on the baseline angiographic findings.
Vascular access and cross-over rate
The cannulation failure rate was similar for both groups. There were 5 cases(0.9%) of puncture failure in the Rt. group and 6 cases(0.9%) in the Lt. group. The PCIs were successfully completed after switching to the femoral artery in these cases. The vascular access time was not significantly different between both groups (Rt. group: 2.3±2.9 vs. Lt. group: 2.4±3.5 min, p=NS) ( Table 2 ).
The cross-over rate to the femoral or contralateral radial artery was lower for the Lt. group than for the Rt. group(2.7% vs. 4.6%, respectively, p=0.04). The reasons for crossover in the Rt. group were severe subclavian artery tortuosity in 3 cases(0.5%), the alpha loop of the radial artery in 7 cases(1.1%), puncture failure in 5 cases(0.9%) and poor guiding support in 12 cases (2.0%). Crossovers were needed In the Lt. group due to severe subclavian artery tortuosity in 1 case(0.1%), the alpha loop of the radial artery in 3 cases(0.5%), puncture failure in 6 cases(0.9%), a small vessel with spasm in 4 cases(0.6%), and poor guiding support in 5 cases(0.9%)( Table 2) .
Selection of the guide catheter
There was no difference in selecting the guiding catheter size for both groups. The most frequently used Table 2) .
For selecting the shape of the guiding catheter depending on the right or left radial approach, there was no difference in the shapes of the guiding catheters for both approach methods (Fig. 3) . Conventional Judkins catheters were frequently used in both groups. However, the mean number of guide catheters used was significantly lower for the Lt. group(1.08±0.33) as compared to the Rt. group(1.21±0.48)(p=0.03).
Procedural results
The post procedural MLD and diameter stenosis were similar in both groups. The total procedural time(Rt. group; 32.3±15.4 min vs. Lt. group; 30.7±17.6 min, p=0.03) and fluoroscopy time(Rt. group; 16.9±12.6 min vs. Lt. group; 13.9±7.9 min, p<0.01) were shorter in the Lt. group. The amount of contrast material used was similar between the two groups(Rt. group; 208± 76 mL vs. Lt. group; 202±72 mL, p=0.30)( Table 2) .
There was no statistical difference for the procedural success rate(Rt. group; 96.4% vs. Lt. group; 96.2%, p= NS). However, there was a tendency for a higher success rate via the radial access for the Lt. group than for the Rt. group(Rt. group; 91.9% vs. Lt. group; 93.5%, p= 0.056)( Table 2) .
There was no significant difference in the frequency of stent implantation between both groups (Rt. group: 91% vs. Lt. group: 92%, p=NS).
Procedure-related complications:
There was no difference for the hospital MACEs(Rt. group; 2.1% vs. Lt. group; 2.5%, p=NS)( Table 3 ). 13 cases of the Rt. group experienced MACEs: cardiac death in 2 cases, atherothrombus embolism in 2 cases, coronary artery perforation in 1 case with CTO lesion, stent migration in 1 case, cardiogenic shock in 1 case and 6 cases of slow flow and periprocdural myocardial infarction with increasing CK-MB. 18 cases in the Lt. group experienced MACEs: cardiac death in 2 cases, atherothrombus embolism in 1 case, air embolism in 1 case, coronary artery perforation in 1 case, stent migration in 1 case, cardiogenic shock in 2 cases, aortocoronary dissection in 1 case and 8 cases of slow flow and periprocdural myocardial infarction with increasing CK-MB.
There was no difference for major vascular complications between both groups(Rt. group; 0.3% vs. Lt. group; 0%, p=NS). Vascular complication occurred in 2 cases in the Rt. group due to radial artery perforation that required transfusion. There was no case of hand ischemia or infarction (Table 3) .
Discussion
We examined the efficacy of the left radial approach for transradial PCI as compared to the right approach. The major finding in this study is that the left radial approach shows a higher trend of the procedural success rate than did the right approach, along with a lower rate of vascular access failure and a lower crossover rate to the other vascular access.
For selecting the vascular access site, most interventional cardiologists are familiar with doing the procedure at the right side of the patient because this approach is more convenient for manipulating the devices, including the guide catheter. Therefore, most interventional cardiologists select the right radial artery as a first access route when performing transradial PCI. However, even for the left radial approach, the procedure can be performed at the right side of the patient with the left arm closely abutted to the patient's trunk, just like the procedure in the right or femoral approach. The only difference in performing the left radial access is that because the operator's standing position is apart from the left arm, the operator must bend over the patient, which might be inconvenient to the operator. However, the access time and success rate of vascular access were nearly same between the left and right approaches.
There are several advantages in selecting the left radial approach in terms of patient comfort and the effectiveness of the procedures. The right approach might be more convenient for the operator; however, in our study, the left approach did not cause any inconvenience to the operator and it has several advantages. First, the left radial approach potentially increases patient comfort because most patients and especially Asains are right handed. The patients are free to use his/her right hand immediately after the procedure. Second, a left internal mammary angiogram can easily be performed in the case of a CABG candidate.
The access failure rate was similar in both groups. In the early period of transradial PCI, most of the failures were due to puncture failure. In fact, accessing the radial artery requires a learning period to be competent. [12] [13] [14] Achieving access to the radial artery is technically more challenging and time-consuming than is the femoral access, but when the right skills are grasped, then the technique is much easier and reliable. In our study, there was less than 1% puncture failure and no difference for the vascular access time between both groups. Therefore, radial arterial access might not be a limiting step to achieve procedural success.
In selecting the guide catheter, the size and shape of the guiding catheter that was used were similar for both groups in this study. However, the mean number of guide catheters was lower for the left group. In our previously reported data, 9) the major reasons of failure for transradial PCIs were inadequate guide support or guiding failure due to radial artery tortuosity and subclavian or inominate artery tortuosity. A tortuous conduit vessel may cause discomfort that's associated with prolonged manipulation of catheters, access failure, arterial dissection and arterial perforation. So, severe tortuosity of the conduit vessel was a limiting factor for transradial PCI. In the study of Wu et al. and Kawashima et al., marked subclavian tortuosity was prevalent in the patients who underwent the right radial approach. 8)15)16) For our data, the crossover rate was lowered for the left group than for the right group(2.7% vs. 4.6%, respectively, p=0.04), and crossover to the femoral or contralateral radial artery was due to conduit vessel tortuosity and poor guide support. There was a trend for a higher success rate via the radial approach in the left approach compared to the right approach(p=0.056)( Table 2) . Therefore, our data demonstrates that access failure during transradial PCI is lower for the left approach than the right approach due to the higher incidence of conduit vessel tortuosity in the right approach.
The other results of our study are consistent with the previous studies of transradial PCI that have compareed the clinical characteristics, angiographic characteristics, procedural results and MACEs. [1] [2] [3] [4] The vascular complication rate was nearly zero(two cases) in our study group. We routinely used a TR band TM (Terumo Co., Tokyo, Japan) or gauze compression with a Clo-Sur P.A.D TM (Scion Cardio-Vascular, Miami, FL) as the compression method at the puncture site. 17) Although this study enrolled a relative large sample size(about 1,400 cases) of transradial PCI, a limitation of this study is that it is retrospective observation study and it lacked randomization between the right and left radial accesses. The present study demonstrated that the left radial approach may provide high procedural efficacy for performing transradial PCI compared to the right radial approach.
